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carbon signals at 6 = 29, 28.1 and 25. 14 of unequal intensity;

methyne carbon resonances at 6 = 79.7, 71.25 and 70.3 of equal

intensity ; py carbon resonances were broad centered at 6 =

349.8, 135.3 and 121.7 ppm .

X—ray Crystallogra phy.

Data Collection. A very irregular crysta l approximately 
I 

-

0.5 x 0. x ‘) .? mm was placed in a soft glass capillary immersed

in a drop of epoxy resin . The crystal was mounted and data 
-

~ V

collected on a Syntex ~T automated diffractometer using

crystallographic procedures previously described .~~~’~~
2 All

operations were performed at 22 ± 1°C using Mo K~ radiation

monochromated by a gra phite crysta l in the incident beam. The

cell dimensions based on a least squares f i t  of f i f t een  centered

reflections in the range 15 < 28 < 27° were: a = 10.022 (2 ) .~~,

b = 17.839 (14 ) .~~, c = 11.9146 (2 ) 
~~, $ = 12 5.57( 1) ° , V = 1737.1(6 ) A :- ;

Z = 2; d 1 = 1.1457 g/cm3.

A total of 1671 reflections were measured using the 6—28

scan technique in the range 0° < 28 < 115° . A data collection

program was used which does not collect data for reflections

whose intensity during a rapid prescan is below a preselected

threshold . No record is made in the output file for these

weak reflections. Variable scan rates from 14° to 214° min~~
were used for the collected reflections , depending on their

intensities, and the scan width extended from 0.0° below

Mo xa1 to 0.9° above Mo Ks.... Three standard reflections were

checked after every 97 prescanned reflections and displayed

- V ~~~~~~~~~~~~~~~ —~ - L
- V -V

- - --
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about a 10% reduction during data collection . A decay

correction was applied to the data .

Solution and Ref inement  of the Structure.

All calculations were performed using the Enra f—Nonius 
V

structure determina tion package on the PDP11/145 computer

located at Molecular Structure Corporation , C’o lV 1oge Station ,

Texas. The absorption coefficient of 7 0 .5 3  cm~~ made an

absorption correction necessary . An empirica l correction

based on five sets of 4,—scans (,~, = Q0 to 360° at 10° intervals)

at x 90° was used because of the irregular sha pe of the crys ta l .

Absences in the data a ppea red to indica te the spa ce group P2 1/c .

For this space group with Z = 2 the molecules must lie on

inversion centers.

Structure refinement was begun in P2 1/c using only those

11446 reflections having F0 ’ > 3a (F0
2 ) .  The Patterson map

appeared to be consistent with the chosen space group and

yielded coordinates for the tungsten atom. After three cycles

of least squares refinement the discrepancy indices were

R1 = I— IF = 0.132

R2 ~~~~~~~~~~~~~~~~~~~~~~~ = 0.1814

The function minimized during all least squares cycles was

Dv (IF0I-IF~
I)2 , where the weighting factor w equals

A value of 0.07 was used for the “ignorance

parameter,” p. in the calculation2’ of c~. The difference

_ _  - V 
AV~~~~~~~ VVj
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Fourier map based on this phasing displayed ma inly peaks within

1 of the tungsten atom. Therefore, this atom was refined

anisotropically which lowered the indices to R, = 0.0814

R2 = 0.138. The Fourier maps then indicated eight possible

ligand atoms around each tungsten atom. This indication of 
V

pseudo—symmetry caused us to reconsider our choice of space

group in favor of one with lower symmetry . A Howell-Phillips—

Rogers plot was made and it strongly indicated an acentric 
- 

V

space group.

Reexamination of the data set showed that while the

conditions for the screw axis (oko, k 2n) were never violated , V

the conditions for the c glide (h,0,t,1 = 2n) were. The

reflections 0, 0, 1 and 1, 0, 1 were both present though weak.

Refinement was therefore begun again in P21. Attempts to

leave the tungsten atoms with the same coordinates as in P21 /c

caused their positions to shift drastica lly. This was probably

because of correlation . Direct methods were then run to obtain

new positions for these atoms. Solution and refinement then

proceeded without problems. During the last least squares

cycle no atom moved by more than 0.03 ~~~~. A final difference

Fourier map displayed no peak greater than 0.63e~~~. The

final discrepancy indices were R1 = 0.0140, a2 = 0.053 and the

goodness—of—f it index was 1.19. Two least squares refinement V

cycles were then run on the enantiomorph of the chosen cell. V

The discrepancy indices were unchanged so the original cell is

reported here.

-~~ 
V .

• V V

~~~~~~~~~~~~~~~~~~~~~ 
- 
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supplementary Materia l Available.

A table of observed and calculated structure factors 
V

(7 pages). See any current masthead page for ordering

in forma tion.
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Table 11. interatomic Distances and Ang]es foi W2(OCHMc 2)6Py2

BOND DISTANCES(A) 
V

W(l)—W(2) 2.332(1) J’ -
W(1)—O(1) 1.86(2) W(2)—O(5) 1.86(2)

W(1)—O(2) 2.00(2) W(2)—O(6) 2.04(3)

W(1)—O(3) 1.90(2) W (2)V_0(7) 7.01 ( ?)

2. 23(3’~ W ( 2 ) V ~ N ( 2 )  7. ‘8(4) 
V

O(l)-c(11) 1.59(4) O(5)-C(51) L 6 3 ( 7 )

O(2)-C(21) 1.47(3) O(6)-c(61) I. 4(J(~~)

O(3)—C(31) 1.45(4) O(7)—C(71)

N(1)—C(1) 1.33(4) N(2)—C(81) 1.32(7) I

C(l)—C(2) 1.41(5) C(81)—C(82) 1.63(6)
*

C(2)—C (3) 1.45(5) C(82) —C(83) 1.24(6) 
V

C(3 )—C(4 ) 1.40(6) C(83) —C( 84) 1.47(6)

C(4)—C (5) 1.49(5) C(84)—c(85) 1.42( 5)
V 

C(S)—N(i) 1.35(4) C( 8 5)—N (2) 1.35(5)

C(11)—C( 12) 1.50(5) C(51) —c( 52) 1.39(10)

C(11)—C(].3) 1.55(5) C(5 1)—c (53) 1.50(9)

C(21)-C(22) 1.55(4) C(61)-C(67) 1.51(5)

C(21) —C (2 3) 1.48(4) 
V 

c (61 )— c(63 ) 1.50(5)

V C(3 1)—C(32) 1.53(5) C(7l )—C (72) 1.54(7)

C(31)—C(33) 1.68(9) C(7 1)—C(7 3) 1.36(7)

I’

V V V 
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Table Ii (continued)

V 
BOND ANGLES (Deg) .

W(2)—W(l)-.O(1) 104.7(6) W(1)—W(2)—O(5) 106.1(7)

0(2) 105.3(7) 0(6) 103.6(9)

0(3) 101.2(7) 0(7) 99.8(6)

N(1) 91.0(8) N(2) 89(1)

V 0(1)—W(1)-O(2) 99(1) 0(5)—W(2)-O(6) 97(l)
V 

0(3) 151(1) - 0(7) 152( 1 )

N( 1)  80(1) N(2) 85(2)

0(2)—W (1)—O(3) 85(1) 0(6)—W(2)—0(7) 88(1)

N(1) 163(1) N(2) 166(2)

0(3)—W(1)—N(1) 87(1) 0(7)-.W(2)—N (2) 84(2)

W(1)—0(1)—C(11) 120(2) W(2)—0 (5)--C(51) 126(3)

W(1)-0(2)-C(21) 138(2) W(2)-O(6)--C(61) 136(2)

W(1)—O(3)—C(31) 119(2) W(2)’—O(7)—C(71) 120(2)

W( 1)—N ( 1)—c( 1) 115(2) W(2)— N (2) —C(8 1) 112(3)

V(1)—N(1)—C(5) 118(2) W (2)—N(2)—C(85) 112(4)

C(1)—N(1)—C(5) 127(3) C(81)—N(2)—C(85) 136(5)

V N(1)—C(1)—C(2) 122(3) N(2 )—C (8 1)—C(82)  105(4)

C( 1)—C (2)—C (3) 114(3) C( 8 1)— C( 82)—C(83 ) 122(5)

C( 2)—C(3)—C(4)  123(4) c ( 82)—C(83 )— C(84)  124(5)

C(3 )— C(4 )—C( 5) 119(3) C(83)—C ( 84)—C(85) 
- 

116(4)

C(4)—C ( 5)—N( 1) 114(3) C(84 ) —C(8 5) --N (2) 116(4)

0( 3)—C(3 1) -- C( 12) 105(2) 0( 5)— c(5 1)—C (52)  104(4)

C(13) 106(3) C(53) 100(5)

________________ 

-



________________ _ _ _ _ _ _-

F . I 

a

Tabl e 11. Bond Angles (continued)

C (12)—C(j1)_C (13) 115(3) C(52)—C (5I)—C ( S3) 115(5)
O (2)-C (21)-C (22) 110(2) 0(6)-C(61)-C(62) 107(3)

C(23) 105(2) C(63) 105(3)
C(22)-C(21)-C(23) 113(3) C(62)-c(6i)-c(63) 110(3)
O(3)-c(31)-c(32) 105(3) 0(7)-c(71)-c(-/2)

C(33) 108(4) ( : ( 7 3 )  J 2 2 ( ’ i)

C(32)—c(31)..c(33) 118(4) C(77)—c(i1).-(:(fl) 170(5)

— 

- TorsioI$.~1 ~~~I4 ~~~~~~t ’~~ V (.~~‘g)

16,9

21.2

35.0

0( 2)— w ( 1) - .W(2)—o( 7)  37.3

TVi.~ ~~~~~~~~~ 1S~~~N( 1)—W( 1) — W(2) _ N ( 2 )  63.4

0( 1)—W( ] . ) - .W( 2 )—O(7) 67.0

0( 2)— w(l )— W(2) _ 0(6)  53.1 —

0( 3) - .w( 1)—w (2)—o( 5 )  66.1

‘p
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Figure 1. A view of the W2 (OCHMe2),;py2 molecule. Projections

- 
of therma l ellipsoids and spheres are drawn at the
50% probability level.
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Figure 2. The coordination and rotationa l conforma tions as F

viewed conformation down the W-W axis . Therma l

ellipsoids are drawn at the 5O’~ probability level.
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